This study presents the elaboration of a simple and cheap electrode made by carbon paste introduced into a cavity of electrode body, and used for the lead traces determination in tap water. A potentiostatic pre-electrolysis at constant voltage enables the reduction of the lead (Pb 2+ ) and the accumulation of the metallic lead at and into the carbon paste; the reoxidation of the Pb (Linear sweep voltammetry) leads to the anodic striping peak. The effect of the main operating parameters on the shape of the peak and the magnitude of the current was examined and their optimal values were determined. Then calibration was achieved and the method was successfully applied (using all the optimized parameters) to the determination of lead in water, with a detection limit of 0.138 µg•L −1
Introduction
Lead is one of the most dangerous environmental pollutants and it has also a strong chemical toxicity effect even at low concentrations, causing irreversible cognitive damage and loss of intellectual quotient (IQ) [1] .
Lead penetrates body through food and air. It hasn't any known physiological function [2] [3] [4] . Exposure to small amounts may cause deterioration of cognitive or motor functions in adults and irreversible neurological damage in children [5] from drinking water lead exposure (especially children under 6 years).
Its use in metallurgy, paints, pipelines, gasoline and in certain consumer products as a stabilizer, causes environmental contamination and public health problems.
The release of lead into drinking water systems, mainly due to corrosion processes on lead surface containing to plumbing materials, is a serious public health problem and can be influenced by many factors such as the pH and the alkalinity [6] . Quantification of lead in drinking water is very important given the high toxicity of this metal. The acceptable lead concentration in drinking water is currently under review by the World Health Organization (WHO) a concentration lower than 10 µg•L −1 . Consequently assessing the health risk from lead (Pb) in potable water requires accurate quantification of its concentration, but this determination is relatively difficult due to the low contents in water systems [7] . Different technics were used for trace lead analysis such as spectroscopic methods especially atomic adsorption spectroscopy [8] , graphite furnace atomic adsorption spectroscopy (GF-AAS) [9] , inductively coupled plasma mass spectroscopy (ICP-MS) [10] and inductively coupled plasma atomic emission spectroscopy (ICP-AES) [11] . These methods exhibit excellent sensitivity and good selectivity, but have different drawbacks such as time consuming used for analysis and very expensive instruments are required. Electrochemical methods including stripping voltammetric technics such as anodic stripping voltammetry (ASV) [12] , cathodic stripping voltammetry [13] , square wave voltammetry [14] and differential pulse voltammetry [15] have recognized powerful tools for trace analysis. The heavy metals are generally present at cations forms in the environment, so they can be electro-reduced to electrode area with the corresponding potential, which corresponds to accumulation step. This step will be followed by an oxidation step of metal, corresponding to the stripping step [16] . The performance of the method is strongly influenced by the nature of the working electrode [17] - [30] . Different working electrodes are used in voltammetric determination of lead. These include hanging mercury drop electrode (HMDE) [17] [29] . The hanging mercury drop electrode is the most common because of its analytical properties in the cathodic range; however, health considerations and safety regulations limit its application because of its N. Mouhamed et al. American Journal of Analytical Chemistry toxicity [30] .
The glassy carbon-mercury-film electrode was used [21] for the simultaneous determination of zinc, copper, lead, and cadmium in fuel ethanol by anodic stripping voltammetry; the detection limits sited were in the range 10 −9 -10 −8 mol•L −1 for these metal species. The bismuth alone (bismuth bulk electrode [26] , or a bismuth film [27] ) or modified by carbon nanotubes [28] , was used for titration (by anodic stripping voltammetries) of mixtures of lead, cadmium, zinc, or indium; low detection limits (~1 µg/L) seems to be achieved. Since its introduction by Ralph Norman Adams [31] as an alternative to the mercury electrode, the carbon paste electrode has been largely used for its ad- 
Material and Methods

Apparatus
The experiments were carried out using a Voltalab potentiostat (PGZ100) connected to a classical electrochemical "three electrodes" cell; Metrohm titration tanks, having various capacities (1 < 3 tank cm V < 150) as function of the available volume of the sample to be analyzed could be used. The working electrode used is the manufactured carbon paste electrode (CPE) of which a picture was showed in Figure 1 (a) and Figure 1(b) . A reference electrode of Ag/AgCl/KCl saturated and an auxiliary platinum electrodes were also used. The response of the system was observed via a computer using the software Voltalab master 4.
Chemicals
A standard solution of lead 1000 ppm Pro Analysis Sigma-Aldrich was used to 
Carbon Paste Electrode Preparation
The carbon paste electrode (Figure 1 (a) and Figure 1(b) ) was prepared by mixing of 100 mg of graphite powder (ketjen black 300 supplied by akzonobel) and 50 µL of paraffin oil. The obtained mixture was kneaded until to produce a homogeneous paste, a part of which is introduced into a cylinder cavity (internal diameter 2.5 mm) with a pencil bar (acting as electronic collector). The resulting working electrode (the external disk area) was cleaned and dried using a filter paper that removes excess oil used in the preparation of the paste carbon (in order to avoid any influence of the oil on the conductivity of the electrode).
Procedure for Lead Analysis
The working electrode was immersed into 50 mL of lead solution in which 129 μL of concentrated HClO 4 was added to obtain an electrolyte with a concentration of 0.03 M. The reduction of Pb In order to try to get a signal for the lead, potentiostatic elecrtolyses were achieved to reduce Pb 2+ in various conditions, and followed by the plotting of the current potential curves to the anodic direction. The applied cathodic potential chosen ranges from −700 to −1800 mV, and the electrolyses durations vary from 1 to 30 min. During the electrolyses the metallic lead deposited accumulates to the electrode surface, and it can reoxidize during the anodic striping. The plateau is due to the reduction of Pb 2+ on the lead coated CPE and translates a Pb 2+ /Pb reversible system (in comparison with a Pb 2+ /Pb more irreversible system on the barre CPE). At the potential area −0.47 to −0.3, the curve presents a peak attributed to the anodic oxidation of lead previously deposited and accumulated at the CPE.
Deaeration Time Effect on the Current Magnitude of the Anodic Stripping Peak
The previously obtained current-potential curves ( Curves clearly show that for bubbling times lower than 4 min, there is no lead deposition; the anodic striping peak of the lead oxidation appears for experiments submitted to a more than 4 min nitrogen bubbling. Reduction of oxygen could lead to various intermediates (such hydroxide radicals, hydrogen peroxide,…) which are able to modify the surface area of CPE, typically to create H-O-C bonds [39] . These terminal functions could enhance or strongly reduce the Pb 2+ adsorption sites, and consequently the Pb 2+ reduction current; in this case, at the applied potential of −1.3 V reduction of Pb 2+ does not occur and all the current is used to reduce O 2 .
Increasing the bubbling time before the preelectrolysis (4 to 10 min) enables the Pb 2+ to be reduced to Pb; the absence of dissolved oxygen in the solution implies no reaction, so there is none modification of the surface area of the CPE and this enables the lead reduction and the deposit accumulation. For nitrogen American Journal of Analytical Chemistry ; N˚ curve/nitrogen bubbling time (min), respectively: 1/2; 2/4; 3/6; 4/8; 5/10. bubbling times higher than 10 minutes, curves does not show changes in the magnitude of the current of the anodic striping peak. Note that, this time can be easily and significantly reduced by decreasing the initial volume of the sample to be analyzed (a few minutes bubbling time /t < 3 min/ for a few cm 3 /v < 5 cm 3 / of analyzed volumes).
Effect of the Potential Applied for the Reduction of the Lead (Accumulation Potential) on the Current Magnitude of the Anodic Stripping Peak
The applied potential must enable the reduction of Pb 2+ on barre CPE, and also on this electrode "coated by metallic lead". During this operation, all metallic species, having a higher potential than the potential of the system Pb 2+ /Pb, could be reduced and eventually deposited; consequently, if their adhesion is so enough, their oxidation could become possible, however at higher potential than this one observed for the lead oxidation. The effect of the applied potential during the accumulation phase (which enables the lead deposition), on the anodic stripping peak current, was examined in the range of −600 to −1800 mV /Ag/AgCl/KCl and the results were presented in Figure 4 . The anodic peak current increase when the applied cathodic potential decreases from −0.7 to −1.4 V. This strange behavior could be attributed to an irreversible behavior of the system Pb 2+ on the CPE; in this potential range, the electronic transfer limits the reduction of Pb 2+ , thus, decreasing the applied potential increases the resulting cathodic current and consequently the accumulated metallic lead on the CPE. In fact, in this examined range, there is no a significant effect of the mass transfer limitation for the reduction of Pb 2+ on the CPE, especially if the CPE was not entirely covered by the metallic deposit of Pb. For applied cathodic potentials, ranging from −1.4 to −1.8 V, the curve of the Figure 4 show a decrease of the magnitude of the stripping peak current. This decrease is attributed to the reduction of the solvent simultaneously to the reduction of Pb 2+ . Figure 5 presents the voltammograms obtained after various durations of the potentiostatic electrolyses, carried out at the previous selected potential (−1.3 V), using the CPE immersed into a 100 µg/L solution of Pb 2+ .
Effect of the Electrolysis Duration (Preconcentration Time) on the Current Magnitude of the Anodic Stripping Peak
The magnitude of the current of the anodic striping peak, linearly increase (inset) versus the time, for electrolyses durations lower than 20 min. This means that during these electrolyses, the cathodic current remains constant, and this indirectly imply that the CPE electrodes does not passivates; its surface does not significantly change by the lead deposits (because the linear increase of the peak current). This result is very important especially for the reproducibility and the repeatability of analyses of solutions containing very lows quantities (see following sections) of Pb 2+ .
For longer electrolyses, the increase of the magnitude of the current (inset of Figure 5 ) is higher than the augmentation expected by a linear evolution. This could be due to an increase of the electrochemical surface by the lead electrodeposited! Longer electrolyses times lead to a significant quantity of the metallic lead, which also acts as electronic collector and enables higher quantities of Pb in order 1) to stay in the linear part of the curve I peak = f (electrolysis time) and, 2) to propose a rapid method for the lead titration.
Effect of the Supporting Electrolyte (Nature and Concentration) on the Current Magnitude of the Anodic Stripping Peak
Various acidic solution (nitric, sulfuric, hydrochloric and perchloric) were examined as eventual supporting electrolyte for the titration of the lead. cathodic current of Pb 2+ to increase; consequently, for the same electrolysis duration, the accumulated quantity of the metallic lead increases, so the current magnitude of the anodic stripping peak also increases. In the present study, the electrolyte was involved in large excess {6000
meaning that the migration of the lead must be negligible, and implying a slight effect of the electrolyte concentration on the magnitude of the anodic striping peak. However, results presented in Figure 6 (b) indicate a strong dependence of the peak current versus the perchloric acid concentration! Indeed, decreasing the electrolyte concentration (from 100 to 10 mM) causes the magnitude of the current to strongly increases (from 5 to 80 µA), in fact the presence of perchloric acid appears to change the behavior of the electrode; the reduction of the lead Pb 2+ become more irreversible probably by some disaggregation of the graphite powder by the perchloric acid. The concentration of electrolyte chosen to carry out the analyses is 0.03 M which 1) provides a higher current of the anodic striping peak, 2) ensure an ionic conductivity so high enough (to suppress possible disturbances by the matrix of the sample to be analyzed) and 3) reduce a possible negative effect of the high acidic content.
Effect of the Potential Scan Rate on the Current Magnitude of the Anodic Stripping Peak
The effect of the potential scan rate r on the current magnitude of the anodic stripping peak was examined, expecting to increase the answer of the system, specifically for low concentrated solutions of lead. The results are the anodic curves obtained under various potential scan rates 80 ≤ r (mV•s −1
) ≤ 300; they are similar to these presented in Figure 5 (not showed here to save place).
Theoretically, the peak current increases linearly with the r for adsorption (or Note that four-fold increase of the potential scan rate causes a slight increase of the peak potential (ΔE peak = 60 mV) of the Pb oxidation system, and this translates that the Pb→Pb 2+ is a slightly irreversible system. The scan rate of 200 mV•s −1 was chosen as a satisfactory value of the potential scan rate to carry out the study of the effect of the various operating parameters. A satisfactory linear dependence was observed between the oxidation peak current and the Pb 2+ concentration: 
Effect of the Pb
( ) ( )
Discussion: Application in Drinking Water Analysis
The previous experiments were carried out in order 1) to validate the ability of the carbon paste electrode in the Pb 2+ -traces electrochemical analysis and 2) to select the optimum operating parameters enabling to obtain the highest answer Table 1 . Besides, the previous results, specifically the calibration curve (Figure 7(a) ) shows that, using the CPE (and the previously indicated electrochemical device), it is possible to detect and to quantify lead ) in tap water. The high concentrations of lead in tap water are mainly due to the presence of lead in the "housedrinking water network". In the same order, to assess to the practical analytical utility of the method, distilled water samples that have been kept in contact for two hours with a pure lead material at the pH 7, were analyzed by LSASV at the unmodified carbon paste electrodes: result show a concentration of Pb 2+ , higher than the limit of the WHO (14.48 µg/L). ) because of the important specific area of the carbon paste electrode, for a significantly lower cost. Besides, there is no observed loss in the electrode answer (peak current) which means that there is no any irreversible steps nor deactivation of the electrode, even after ten successive measurements; only reduction of the lead followed by the deposit oxidation was observed at the electrode.
This study has shown that LSASV on the CPE is a fast (~15 minutes), selective and sensitive method for the analysis of lead. The method provides reproducible results thanks to the high specific surface offered by the carbon paste. Next step will consist to examine the ability of the elaborated electrode in the titration of other heavy metals present in the tap water, and this will constitute a future work.
